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EDITORIAL. 


While every phase of the operation 
of the Electricity (Supply) Act, 1926, is 
being watched with the keenest atten- 
tion by electrical engineers, at the 
present moment greatest interest is 
probably centred on the development 
of the interlinking schemes which will 
eventually tie together all the power 
stations of the country. It is well- 
known that some contracts have already 
been placed in connection with the inter- 
linking of the stations in the Central 
Scotland area, and the inauguration of 
the first 132 kV. lines and transformers 
will be a notable landmark not only in 
British electrical engineering, but in 
British industry at large. Therefore, 
no excuse is needed for devoting a large 
part of this issue to a discussion of 
interlinking, with special reference to 
the transformers and voltage regulating 
apparatus required. The design and 
manufacture of these classes of appara- 
tus have been studied very thoroughly 
by this Company and a number of 
important transmission lines and inter- 
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connectors have been equipped in 
various parts of the world. 


In continuation of the series of articles 
commenced in an earlier issue under 
the title “‘ English Electric’ Motors in 
Service” descriptions will be found in 
these pages of the application of electric 
power to two industries concerned with 
road transport, namely, the quarrying 
and preparation of roadstone, and the 
manufacture of motor vehicles for 
passengers and goods. The great de- 
mand for both of these products has 
led to a considerable volume of orders 
for the equipment of quarries and of the 
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many factories which contribute to the 
production of finished motor vehicles, 
the last-named group including rubber 
and tyre fabric works, as well as those in 
which the engines and chassis are built. 
The use of remote-controlled electric 
wagons in a quarry is an innovation of 
considerable interest as it draws atten- 
tion to the wide possibilities for more 
in industrial 
undertakings by making use of electric 
traction. Further evidence on this 
point is contained in our final article in 


economical transport 


which reference is made to some recent 


industrial locomotive contracts. 


Interlinking of Electricity Supply Systems. 


Decision to develop electricity supply on a 
national basis implies recognition of the neces- 
sity of doing everything possible to render a 
supply available over the widest possible area 
and at the lowest possible cost and, as a con- 
dition of its universal adoption, to make the 
service thoroughly reliable. These considera- 
tions lead naturally to a policy of interlinking 
individual systems, since by this means a 
higher average load factor, and consequently 
lower average cost, can be attained, a 
comprehensive distribution network can be 
fed, and, lastly, continuity of supply can be 


more 


preserved even if one power station is out of 
operation. In spite of the improvement in 
load factor, a reduction in the amount of spare 
generating plant can also be effected, since the 
aggregate margin of output of all the other 
stations on a system is available in the event 
of a breakdown at one station. Interlinking 
is being effected on a large seale in other coun- 
tries, and systems are being linked together so 
that power can be interchanged over distances 
of hundreds of miles. 


An important preliminary to large seale inter- 
linking and full realisation of the economic 
benefits of a national scheme, is standardisa- 
tion of supply the various 
Only a few years 


conditions on 


systems to be connected. 


ago there were about sixty kinds of 
supply in Greater London alone, covering 


of different 
number of phases. 


systems voltage, frequeney or 
The process of modifying 
distribution to bring them into 


line with British Standard Specification 77 


pressures 


is proceeding, though hardly at a_ rate 
commensurate with the benefits awaiting 


general conformity. 50 cycles per second is 
now the predominating frequency in this 
country, although others are still in use, in- 
cluding two important areas where large 
In one of 
these areas conversion to 50 cycles is now 
proceeding and within a few years this will 
be the standard frequency the 
country. 


undertakings operate at 25 cycles. 


throughout 


The technique of high-voltage transmission 
has made rapid strides, and as the quantity of 
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power to be transmitted has inereased, the 
old rule of 1,000 volts per mile has given way 
to much higher pressures under the necessity 
of obtaining the best overall economy. Even 
for comparatively short distances, the very 
highest voltage developed for commercial use 
may be economically correct if the bulk of 
power is great enough; therefore, it is not 
surprising that 132 kilovolts has been selected 
for the interconnecting lines in this country. 
These lines may not exceed 50 miles between 
power stations, but the possible loading may 
be as much as 100,000 kVA. 
that a still higher pressure would be more 
favourable on purely economie grounds, but 


It is possible 


questions of reliability and safety have pro- 
bably induced a compromise. Transformer 
design has already reached a point where satis- 
factory and economie units can be made for 
operation at 880 kilovolts or more, and volt- 
ages of this order may become usual for con- 
veying large quantities of power whenever the 
design of the transmission line has reached a 
more advanced stage of technical and economic 
development. 

Transformers for large-power, high-voltage 
transmission, while following well-proved lines 
as to the main constructional methods, bring 
into special prominence certain broad con- 
siderations bearing upon the type to be 
adopted. 
rapidly for many years without reaching a 
limit either of output or voltage, and latterly 


Progress in design has proceeded 


attention has been directed by this Company 
to the design of transformers for outputs up 
to 100,000 kVA., to operate on pressures of 
100 kV. and upwards. Nor does this repre- 
sent the greatest size that may be needed in 
the near future in view of the expansion of 
generating station capacities to a million kVA. 
and more. 

So far as output is concerned, the salient 
factor in determining the maximum size of 
individual units is that of transport, since out- 
door installation is certain to be adopted and 
it will be practically impossible to provide 
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cover once the transformers have left the 
makers’ works. ‘Therefore, it is essential to 
legislate for transportation to site complete in 
their own tanks with oil, ready for putting into 
service after adding the various external 
fittings. 


limits of railway loading gauge and _ rolling 


This means in practice that the 


stock capacity are the determining factors. 
This Company has studied the requirements 
for national interlinking schemes like those 
already outlined for this country, and is satis- 
fied that the single-phase units of a 100,000 
kVA., 3-phase bank ean undoubtedly be built 
for transport in a ready-for-service state, and 
it is sanguine that even larger units can be 
so handled even up to a single three-phase 
transformer of 100,000 kVA. 

The choice of single-phase banks or three- 
phase units for very large outputs is largely 
governed by the question of stand-by capacity, 
and in many eases single-phase banks have 
been preferred because one additional single- 
phase unit can serve as a spare to one or two 
banks. If, as is probable in a national inter- 
linking system, the minimum transmission 
unit between adjacent stations consists of 
two 3-phase lines, each with its own trans- 
former unit, additional spare transformer plant 
is not justified, especially when account is 
taken of the high degree of reliability inherent 
in first-class apparatus of this deseription. 
Further, the cost of three-phase units is ap- 
preciably lower than that of corresponding 
banks of single-phase units, and, if it is at 
all possible, advantage should be taken of this 
economy. It follows that three-phase units 
should be used up to the maximum size that 
can conveniently be transported to site in oil. 

Another consideration bearing upon the size 
and cost of the large high-voltage units now 
under review is that of the system of connec- 
tions for the H.V. and L.V. windings. The 
H.V. windings of such transformers are 
usually star-connected with the neutral per- 
manently grounded. This has the great ad- 
vantage that graded insulation can be em- 


254 


38 


ployed, with a valuable saving 
in cost. Assume, for example, a 
132 kV. system; each leg of the 
H.V. windings would be wound 
for 76,000 volts and the insula- 
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tion between copper and ground 
would be tapered from a maxi- 


mum at the line end, to zero at — sss 

the neutral end. The testing of 

these windings cannot be done in 

the usual way by applying from Faces wuss 

a separate source a pressure be- [= 

tween the copper and_ ground, © 


hence the test is made by con- 
necting the L.V. windings to a 
pressure of such a value that the 
correct test voltage is induced in 
the H.V. windings, namely, 2.78 
times the normal working volt- 
age to ground, in compliance 
with the British Standard Speci- 
fication 171. In the case of a 
132 kV. system the H.V. wind- || 
ings would receive a test of 207 || 


kV. at the line end, and every 


other part would receive a pro- 
portionately lower test voltage, 


always, however, 2.73 times the _ ||jjilif 
pressure to ground which would fs 


exist in normal working. solani i 
If, on the other hand, the 


H.V. windings were delta-con- 

nected or star-connected with 

insulated neutral, the whole of the windings 
would have to be subjected to, and insulated 
for, a test pressure of 265 kV. Therefore, it 
is clear that a very considerable saving is made 
by taking advantage of star connection with 
permanently grounded neutral. 

Taking for granted the use of star connec- 
tion on the H.V. side, either star or delta 
connection may be used for the L.V. wind- 
ings, according to circumstances, although in 
most cases simplicity and reliability favour 
delta. If star connection is adopted, and for 
high voltages it shows some economy, it is 


Fic. 1. SHELL-TYPE TRANSFORMER FOR 132 kV. 


necessary to provide a tertiary winding for the 
suppression of third harmonies whose exist- 
ence in the line and ground might lead to 
serious disturbance to telephone systems. 
The tertiary winding is a complication not 
welcomed unless it can be made to serve some 
useful purpose such as supplying a local low- 
voltage service or operating a synchronous 
condenser. 

If a neutral point is required on the L.V. 
side in connection with the protective 
apparatus, star connection provides it, but 
with delta connection the requirement tan be 
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heat generated by the un- 
avoidable losses is an im- 
portant question with large 
transformers from whieh 
heat must be removed at 
the rate of many hundreds 
of kW. in a reliable and 
economic manner, if the 
temperature of the insula- 
tion is to be maintained 
within the safety limit. 


There are several methods 


Sp 


open for adoption either 
alone or combination 


with one another, necord- 
ing to the output and opera- 
ting conditions; they are 
aus follows :— 
(a) Self-cooling. 
(b) Self-cooling — with 
external air blast. 


Foreed circulation 


(c 
of the oil to ex- 
ternal water 
coolers. 

(d) Foreed circulation 
of the oil to exter- 


nal air coolers. 


(a) Self-cooling. — On 
large transformers this in- 


volves heavy expenditure 


THREE-PHASE BANK oF 50,000 kVA. AND UPWARDs, 


met by a separate neutral point reactor, 

It appears, therefore, that the transformers 
for main interlinking lines of the type re- 
quired in this country will have their H.Y. 
windings connected in star and the L.V. wind- 
ings in delta. As will be seen later, star-star 
connection may be preferable for much longer 
lines working above 182. kV., where syn- 
chronous condensers may be required and the 
LL.V. side of the transformers may work at so 
high a pressure that the use of graded insula- 
tion is an important economy. 

The method to be adopted for dissipating the 


for providing adequate 
cooling surface. Never- 
theless, it has the great merit of dispensing 
with all auxiliary equipment, thereby reducing 
running and maintenance costs, while the 
short-time overload capacity is increased due 
to the volume of oil being greater than with 
other eooling methods. The cooling surface 
usually consists of detachable radiators, as 
shown in Figs. 1 and 2, with valves at the 
connection flanges on the tank so that the radi- 
ators ean be removed for transport without 
having to empty the main tank. For the largest 
outputs the radiators may be mounted in bat- 
teries apart from the transformer tank, 
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Fic. 2. 132 kV. Corte-Tyre SELF-COOLED THREE-PHASE 


(b) Self-Cooling with External Air Blast. 
—This differs from simple self-cooling only in 
the employment of a fan to increase the rate 
at which air sweeps over the radiator surfaces. 
As an alternative to forced oil circulation it has 
the advantage that no pumps or water supply 
are required, but, on the other hand, it entails 
running and maintenance charges from which 
pure self-cooling is free. 

(c) Forced Circulation of the Oil to External 
Water Coolers.—With proper design this 
method gives the cheapest transformer instal- 
lation. A considerable supply of water is 
necessary, and apart from the contingency of 
water failure or shortage, the operation of the 
plant is dependent on several auxiliaries, such 
as the oil and water pumps and the electric 
supply to them. For a 50,000 kVA. unit, 
the quantity of cooling water required at full 
load is of the order 15,000 gallons per hour. 


(d) Forced Circulation of the Oil to Air 
Coolers.—In common with the previous 
method, this system reduces the capital ex- 
penditure as compared with methods (a) and 
(b). It is considerably simpler than the use of 
water coolers and gives greater freedom in the 
choice of a site for the installation. 


A method of cooling that is extremely attrae- 
tive in certain cases, particularly for the inter- 
linking schemes now under discussion, is the 
combination of self-cooling at partial loads 
reinforced by artificial cooling at greater loads. 
As already indicated, interlinking transformers 
will frequently be installed in pairs in connec- 
tion with duplicate lines, and each bank or unit 
will operate normally at a fraction of full-load. 
Detailed investigation shows that a trans- 
former for this class of duty can be designed 
very economically with combination cooling of 
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load. If the full-load rating 
RE JEP _ VALVE 

— / corresponds to the B.E.S.A 
ee / figure of 55°C. temperature 

i | aneamees / rise as measured by resis- 
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TRANSFORMER FOR VERY LARGE OUTPUTS, 


the kind referred to, and although more ex- 
pensive than when designed for either of the 
fully-artificial cooling methods, the trans- 
formers are considerably cheaper than they 
would be if wholly self-cooled. Where trans- 
formers operate for long periods at a compara- 
tively low load this method of cooling avoids 
the necessity for operating any auxiliaries ex- 
cept under emergency conditions, so that it 
offers appreciable economy in running and 
maintenance charges together with an increased 
margin of reliability. 


Assuming that a transformer is designed in 
the first place for artificial cooling adequate to 
full-load conditions, the inerease in cost by 
adapting the design for self-cooling up to say 
half full-load is less than might at first appear, 
even when full appreciation is given to the fact 
that the copper loss at half load will be ap- 
proximately one quarter of the value at full- 


tance, the oil rise measured 
/ by thermometer would be 
30°C. on the basis of a tem- 


TERMINALS FROM 
_- BUSHING TRANSFORMER 


perature gradient of 25°C. 
between copper and _ oil. 
Now the gradient is roughly 
proportional to the square 
of the load; in the ease con- 
sidered it would be 5°C. at 
half full-load, so that for 
the same winding tempera- 
ture rise of 55°C. the allow- 


able oil rise would go up to 
50°C. 

The amount of radiation 
surface to be provided is of 


course, proportional directly 
to the losses to be dissipated 
and inversely to the tem- 


RADIATOR DAAN PLUG 
perature rise of the oil, so 
that, compared with full- 
load conditions, the surface 

required for half-load is small and can be pro- 
vided quite economically. 

The following table illustrates how the 
radiating surface required for self-cooling varies 
with the load in the case of a 100,000 kVA. 
Transformer. 

Full-load. 34-load. 


Iron Loss (kW.) ... 219 219 
Copper Loss ,, er .. 630 360 157 
Total Loss ,, 849 579 376 
Gradient (°C.) aaa ae 25 15 5 
Oil Rise ___,, 30 40 50 
Radiating Surface Required 1 -27 


Brief reference may here be made to the 
English Electric ”’ 
dicator designed to give a direct reading of the 


winding temperature in- 


winding temperature as measured by change 
of resistance. This simple apparatus does 
away with the risk attendant upon the inser- 
tion of resistance or thermo-electriec elements 
in the windings of high-voltage transformers 
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and also with the error due to the temperature 
drop through the insulation of such elements. 
The arrangement adopted is shown in Figs. 3 
and 4, where ‘‘ A’’ is a current transformer 
with its primary in series with the main trans- 
former winding and its secondary connected to 
an auxiliary coil B.’? The current in B ”’ 
is thus proportional to the load. Coil ‘* B ”’ is 
immersed in the hottest part of the oil, and 
is so designed that the temperature gradient 
from the inside of the coil to the surrounding 
oil is the same as that from the main trans- 
former winding to the oil, as determined by 


resistance. The actual temperature inside 
* B ”’ is consequently the same as that of the 


main winding. is a capillary tube ther- 
mometer connected to an external 
alternatively, C may be replaced 
by a resistance element ‘* E ”’ connected to a 
suitable indicating device which can be situated 
at any distant point. 

Since the thermal capacity of the apparatus 
employed is quite small, its time lag is prae- 
tically negligible. 


indicator 


As the safe load of a trans- 
former is determined almost entirely by the 
winding temperature, an instrument of this 
kind is of great value, since its indications may 
be worked to with every confidence that the 
transformer will be within its designed limit 
of safety, provided the temperature registered 
does not exceed 95°C. 

In discussing the more spectacular compo- 
nents of an interlinking scheme, there is some 
danger of overlooking the special conditions 
which such a system has to fulfil. It is well to 
consider the simple case of two power stations 
or systems connected together and arranged 
for transference of 


power in either 


direction. It is 
naturally a condi- 
tion, that the volt- 
age of the two sys- 
tems must be un- 


affected by the 
interchange of 
power. The 


TEMPERATURE INDICATOR 


WITH RESISTANCE ELEMENT. amount of power 


Fic. 3. ENGLISH ELECTRIC ’? TRANSFORMER 
WINDING TEMPERATURE INDICATOR, 
delivered by either station into the inter- 


connector is determined only by the charac- 
teristic of the prime mover and its throttle 


control. The next important factor for con- 
sideration is the regulation in the inter- 


connector. 

Variation of the generator fields at either or 
both stations may have an effect on either the 
busbar voltage or the amount of wattless kVA. 
supplied, or on both simultaneously. The 
amount of lagging wattless kVA. required is 
determined by the characteristies of the whole 
system; on the other hand, the busbar voltage 
at each end must be kept at a fixed value, 
which is usually effected by a voltage con- 
trolled field regulator. Hence voltage varia- 
tion in the intereonnector due to variation in 
the current transmitted, affeets the distribu- 
tion of the wattless kVA., and the problem 
resolves itself into one of regulating the inter- 
connector. 

If sufficient kVA. at a leading power factor 
is injected into the line it will compensate for 
the wattless or lagging kVA., and thus con- 
siderably improve the regulation of the line. 
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‘'o produce this effeet Synchronous Condensers 
are run light on the end of the line, the only 
control necessary being that of the field, which 
ean be earried out effectively by means of the 
usual automatic field regulator adjusted to 
in suitable 
The voltage 
regulator in this instance, however, is arranged 


maintain constant voltage, or, 


cases, a compounding effect. 


to reverse the field and supply lagging wattless 
kVA. at light loads, to compensate for leading 
charging currents in the system, 

This is an expensive method, since synehro- 
nous condensers, being running machines, are 
costly, their losses are heavy, and constant 
supervision is necessary. The principle of this 
method has, however, the advantage that the 
power capacity of the line is increased owing 
to the faet that the regulation or power factor 
of the line itself is improved. 

The use of a synchronous condenser is often 
found to be economical on a long high-voltage 
transmission system. The usual practice has 
been to locate it at the end of the line, but it 
is now found that on very long lines conditions 
are improved if synchronous condensers are 
(listributed at several points along the line. In 
the former case the supply for the synchronous 
condenser is frequently from a tertiary winding 
on the main step-down transformer. 

It is interesting to study the great economy 
derived from this method of supplying power 
to a synchronous condenser. Usually the 
main transformers for such a system are star/ 
star connected, in which ease a tertiary winding 
is required for the reasons explained on page 
38. this winding is designed 
with the requisite number of ampere turns, 


Normally 


and the conduetor size is determined by con- 
siderations of short-cireuit currents. There is 
no reason why it should not be made of a suit- 
able voltage and of large enough output to 
suppiy « synchronous condenser. 

The alternative means of supplying power to 
the synchronous condenser is by a separate 
step-down transformer. An actual example 
will illustrate the striking contrast between the 
costs of the two methods. 


Suppose there is a transformer station at 
which a capacity of 50,000 kVA. is to be trans- 
formed from 220 kV. down to 110 kV., and 
that at this point it is desired to instal a 
synchronous condenser to give a maximum out- 
put of 30,000 kVA., at zero leading power 
factor, and the pressure is to be 11,000 volts. 
At first sight it might appear that the primary 
or 220 kV. winding has to supply the sum of 
the secondary and_ tertiary loads or 
80,000 kVA. But these loads must be com- 


bined at their respective power factors. Fig. 5 
shows the vector relationship of the three 


windings assuming the secondary load to be 
at .8 power factor. The combination of these 
loads requires an input to the primary of 
40,000 kVA. at unity power The 
220 kV. winding must, however, be designed 
for the full output of 50,000 kVA. to allow for 
the eventuality of the synchronous condenser 


factor. 


being out of service. 
R 


J Nea 


Py = 50,000 kVA on secondary, cos =-8 PF, 
P¢ = 30,000 5, tertiary at zero P.F, leading, 
Pp= 40,000 ,, resultant input to primary at unity PLP, 


Fic.5. VECTOR DIAGRAM FOR TRANSFORMER WITH TER- 
TIARY WINDING FEEDING SYNCHRONOUS CONDENSER, 

The comparative equivalent sizes of the 
transformers required for the two alternative 
schemes outlined above can be expressed as 
follows :— 


|Transformer Transformers, 
an with Three Main and 
Windings. Auxiliary. 
kVA. kVA. 


220 KV. Winding 


110 ,, ” eee 50,000 50,000 30,000 
130,000 100,000 60,000 
+2 160,000 + 2 
Equivalent Total Output =65,000 = 80,000 
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The calculation 
shows that if a sepa- 
rate transformer is 
installed to supply 
the synchronous con- 
denser, the equivalent 
transformer capacity 
is increased by 28 per 
cent., and allowing 
for the increased cost 
due to dividing the 
transformers into two 
units, the cost per 
kVA. of the smaller 
unit being higher than 
for the larger unit, 


and also taking into 


account extra 


switchgear required, 
the difference in cost 
of the two schemes is 
in the ratio of about 1 
; to .55 in favour of the 


FIG, 6. three-winding trans- 
INDUCTION REGULATOR 
or MEpiIuM SIZE, former. 


The use of svnchronous condensers is largely 
restricted, for economic reasons, to long trans- 
mission lines, and it is unlikely that in this 
country, where the distances are comparatively 
short, their installation will be found necessary. 

The other general method of utilising 
the system of intereconnectors to the best 
advantage is by the use of voltage 
regulating equipment in each section of the 
intereconnector. This scheme does not 
directly counteract the wattless power as does 
the synchronous condenser, but compensates 
for the voltage drop produced. Three classes 
of apparatus are used for this purpose, viz., 
Induction Regulators, On-load Tap-changing 
on the main transformers, and separate 
Booster Transformer voltage regulators. 

Induction Regulators are ideal for voltage 
regulation because they give a perfectly smooth 
voltage variation without any switching, while 
constructionally they are compact and well 
suited to automatic operation. In this country 


The English Electric Company have given 
special attention to the design and application 
of this class of apparatus, and may claim to 
have extended their use very considerably for 
widely varying requirements. Figs. 6 and 7 
show typical induction regulators of medium 
and large size. 

In a simple ring main, of which there are 
many in this country at present, it is necessary 
to avoid phase displacement in voltage regu- 
lating equipment inserted in the ring. When 
Induction Regulators are employed phase dis- 
placement is avoided by using a so-called Twin 
Unit, in which the two half units are operated 


Fic. 7. CorE AND WINDINGS OF LARGE 
INDUCTION REGULATOR. 
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simultaneously, and are arranged so that the 
phase displacements in them counteract one 
another, resulting in no phase displacement 
in the line. Fig. 8 illustrates a large twin In- 
duction Regulator. 

The larger the output, the higher is the 
voltage for which Induction Regulators can be 
supplied, but for direct operation on very high- 
voltage circuits they ure not so suitable as 
other schemes of voltage variation, since the 
question of slot insulation tends to inerease 
the cost to a prohibitive extent. 

Tap-changing under load on the main trans- 
formers is advantageous within certain limits, 
but for large output high-voltage transformers 
it introduces features which militate against 
the reliability of such important units. Even 
when the tappings on the windings are 
arranged in the best possible manner, it is 
impossible to retain perfect symmetry under 
all tapping conditions, and in the event of a 
short circuit the enormous power behind these 
transformers may cause dangerous mechanieal 


Fic. 8. LARGE Twin INDUCTION REGULATOR. 


Stresses in the asymmetrical windings; in any 
case, the possibility of these large stresses will 
necessitate a stronger and more expensive 
construction. Further, the presence of idle or 
open-ended windings may possibly give rise to 
dangerous voltage surges, and also the fact of 
the switching being carried out in the main 
circuit is liable to cause surges. Due regard 
must be paid to reliability, and, therefore, it 
appears unwise to complicate large inter- 
linking transformers by including in them 
voltage regulation devices whose irregular 
operation may put the whole unit out of 
service. 


Separate booster transformer voltage regula- 
tors, although more costly than the provision of 
on-load tap changing on the main transformer, 
have an undoubted advantage on the score 
of reliability. The apparatus consists of two 
transformers units, the potential unit and the 
series or boosting unit. The potential trans- 
former has its primary excited from either the 
H.V. or L.V. supply and its secondary, wound 
for any ‘convenient voltage, 
has a number of tappings 
connected to external regu- 
lating switchgear. The series 
transformer has its secondary 
in series with the line to be 
regulated, while its primary 
is excited from the variable 
secondary of the potential 
transformer. Fig. 9 shows 
an interesting example of a 
‘three-phase bank of booster 
transformers with regulating 
switchgear installed on a 
British power system operat- 
ing at 35 kilovolts. 


The booster transformer 


system has the outstanding 


advantage of leaving the main 
units as simple as_ possible. 
and free to be used even if the 
boosting transformers are cut 
out of circuit; at the same 
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time it gives great elasticity by splitting 
up the whole apparatus into a number 
of unit parts, and finally it affords a 


the main trans- 


formers and the switchgear against the effects 


certain protection to 


of lightning or line surges. The system has 
the merits of simplicity and reliability, and the 
regulation is done on a low-voltage cireuit by 
switchgear of robust type which may _ be 
arranged for full or semi-automatic operation. 
In the above general discussion on problems 
of two 


stations or systems being interconnected has 


of interconnection the simple case 


been taken as an example. This may be ex- 
tended to any number of systems, and if volt- 
age regulation equipment is installed between 


eich pair of stations, complete control of 
voltage and power factor is secured. If, 
however, a number of stations are inter- 
connected to form a complete it 
is most unlikely that the system will 
form a loop symmetrical with regard to its 


impedance voltages, and then, simple voltage 


BANK OF BooSTER TRANSFORMERS OPERATING ON A 35 KV. LINE. 


at 


control is insufficient. Therefore, economical 
use of the intereconnectors by proper distribu- 
tion of the interchange currents necessitates 
the injection into the system of voltages having 
such a phase angle as will compensate the re- 
sultant of the impedance voltages of the various 
sections of the loop. By equipping it with a 
dual control, the twin-type of Induction Regu- 
One 


control causes both voltage vectors to rotate 


lator may be used for this purpose. 


equally in opposite senses, thus altering the 
voltage but not the phase angle, whilst the 
other control causes both vectors rotate 


equally in the same sense, thus altering the 


to 
phase angle but not the voltage. Such a com- 
bination gives the necessary voltage and phase 
angle for complete control of the 
stations. 


loop of 


It is hoped, in a future number of this 
journal, to discuss in some detail the design of 
transformers and voltage regulating equip- 
ment for national interlinking schemes, 
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“English Electric” Motors in Service. 


[Although Electric Power is fully established as the best means of dri.ing all classes of industrial 
machinery, many new installations present fresh points of interest from both the technical and the com- 


mercial aspects. 


It is hope t that this series of articles will be of value to our readers by indicating the 


trend of modern practice in the application of electric driving to the several industries or public services 


to which reference is made, 


The first two articles of the series appeared in Vol, III, No. 5, and related 


to Dock Pumping and Sewerage Purification Works—Ep1ror.] 


Il. 


A large number of quarry electrifications 
have been carried out during the past year in 
different parts of the country, and although the 
equipment varies from case to case, the opera- 
tions to be performed consist generally of 
transport by means of Blondins, Haulages or 
Wagons, Disintegration by Jaw or Gyratory 
Crushers, and sizing by 
Screens of various types, dust extraction, dry- 


cleaning Rotary 
ing, mixing with tar products for road surface 
muiterial, cutting setts, compressing air for 
rock drills, pumping, and the driving of work- 
shops and cranes. 


In most cases power is taken from the public 
mains, usually as an E.H.T. three-phase sup- 
ply, so that a substation is put down in a 
central position to contain the necessary trans- 
former and switchgear. 


Many quarries use the so-called Blondin or 
overhead rope conveyor for transporting the 
stone from the quarry to the erushing plant 
which is situated conveniently to the main rail- 
way. These 
tion of a hoisting system and endless ropeway, 


Blondins consist of a combina- 
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Stone Quarries. 


and the calculation of the most suitable motor 
rating for the drive is naturally based on con- 
siderations similar to those which arise with 
colliery winders or haulages. The motors have 
to exert a heavy starting torque and be suitable 
for frequent starting, stopping and reversing. 
Ina typical instance, for which the duty 
diagram is shown in Fig. 1, the motors were 


10 


during aeceleration at the commencement of 


designed for a 1-hour rating of 


hoisting, a peak load of about 160 per cent. is 
produced by the tightening up of the hoisting 
gear and the endless ropeway spanning the 
workings. 

After the loaded skip has been hoisted from 
the quarry to the surface level, the traversing 
drum is engaged by means of a dog clutch 
and the load is brought to the quarry bank. The 
hoisting and traversing drums are of the same 
diameter, but the traversing speed is twice 
that of hoisting. The motor is fitted with a 
magnetic brake for use in emergency and is 
operated by a reversing drum-type controller 
the resistances of which are specially designed 
for the heavy duty. 


ENDERBY HILL 
110 BHP. MOTOR, 1 hour Rating 


50% for 5 minutes 
Overloads 
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TypicaL Duty DIAGRAM FOR QUARRY BLONDIN OR OVERHEAD CONVEYOR. 
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For crushing the quarried stone, machines 
and motors of the strongest mechanical char- 
acteristics are and the power 
requirements are correspondingly severe. The 


necessary 
motors and starting gear have to be capable 
of a starting torque of 200 per cent. to 250 
per cent. of the normal full-load torque in 
order to aecelerate the heavy rotating or reci- 
procating parts and to permit of 
for belt adjustment. 


inching 
The power required for crusher drives is 
considerable and motors with a continuous 
rating of from 90 H.P. to 150 H.P. are usually 
necessary. 


The starters are usually of the 
liquid type, and push-buttons operating the 
trip coil of the circuit breaker are provided t 
various points in the crusher house for emer- 
gency stopping in case of breakage of a belt 
or coupling. ‘It is an important 
that eut 
off quickly in these cireumstances, thus avoid- 


advantage 
of electric driving power can be 
ing the risk of extensive damage which always 
existed when such breakages oceurred on a 
steam driven plant. 

Where electrically-driven haulages are em- 
ployed the motors are of the reversing or non- 
type, the 
of haulage adopted, reversing motors being 
employed on main-and-tail haulages and non- 
reversing machines on endless rope 
and the 
other drives so far referred to the 


reversing according to class 


equipments. For these 
electric motors are of a_ specially 


strengthened design embodying 
features which have been standar- 
dised by this Company for electric 
winders, rolling mill 


similar heavy duties. 


drives and 
For other 
quarry drives, motors of standard 
industrial types are generally suit- 
able, and the only variation that 
occurs is in the kind of protecting 
covers employed; in the crusher 
and sereening houses pipe-venti- 
lated machines give adequate pro- 
tection from dust, and they draw 


their ventilating air either from the Fis. 3. 
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outside of the building through piping, or have 
a filter fitted to the inlet. In other cases 
totally-enclosed machines are necessary to 
secure exclusion of dust or moisture. 

A particularly complete and modern installa- 
that at the Mendip Mountain 


Quarries of Roads Reeonstruction, 


tion is 
Messrs. 
Limited, situated at Cranmore, Somerset. 
After having been worked in a desultory way 
this 


for upwards of 60 years, quarry 


acquired with several others, and has been 


was 


entirely reorganised on labour-saving lines with 


mechanical devices and electric plant of 


The 
that the stone has re- 
markable road-making qualities, determined to 


modern and sometimes novel design. 
Company, recognising 


aim at an efficiency in production and service 
which would enable them to compete with the 
They 


have therefore planned the equipment for a 


large importation of foreign road stone. 


normal output of 1,000 tons per 8-hour day 
with a capacity for increasing this up to 10,000 
tons per week when necessary. 

North Somerset 
Electric Supply Company's 3-phase, 50-cyele, 


Power is taken from the 


11,000-volt supply and is transformed in the 
400 volts. The 
sequence of the various processes is clearly 


quarry power house to 


shown in the Flow Sheet reproduced in Fig. 2. 


CRUSHER HousEs, SCREENING HOUSE AND STORAGE BINs, 
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As most of the motors are in- 

or in the dust 
the 
buildings, the type of protection had 
Where 


necessary, 


stalled out-of-doors 
laden atmosphere of crusher 
to be carefully considered. 
total-enclosure was not 
pipe-ventilated machines have been 
used with or without inlet filters. 
After transport by special equip- 
ment which wil! be referred to later, 
the rock enters the Primary Crusher 
House, shown in Fig. 4, in which 
the end of one of the special 15-ton 
electrie wagons is seen ready for 
end-tipping by the 35-ton overhead 
erane. This Jaw crusher is driven 
by a 200 H.P., 733 R.P.M. slipring 
motor of the AGS. type mounted in 
a recess in the wall of the building 
and driving by a 24-in. belt. The 
total weight of the crusher is 130 
tons and the main bearings, owing 
to the heavy duty, are water-cooled. 
A preliminary first scalping ”’ 
screen removes the dirt and sepa- 
rates the largest stone which then 
passes to the secondary crusher. The 
the 
screen into which the out- 
put of the secondary crusher is also delivered. 
In the last all sizes over 
2} ins. are rejected and taken to the tertiary 
crusher for further reduction; the smaller sizes 
pass to the sizing sereens for final grading. 
Particulars of the types and sizes of the various 
conveyors and elevators are shown on the flow 
sheet in Fig. 2. 


smaller sizes of stone pass directly to 
second sealping 


mentioned screen 


The secondary and tertiary 
crushers are of the Gyratory type, and are 
driven by slipring motors of 100 H.P. and 50 
H.P. respectively. As shown in Fig. 5 these 
motors are direct-coupled and provided with 
filters. The 


the secondary elevator and main 30-in. 


inlet two scalping screens, 


con- 
veyor are driven by a 100 H.P. slipring motor 
helical reduction and 


through 4-1 gear 


Renold roller chains. 


uf 


Fic, 4. PRIMARY CRUSHER 

In view of the fact that The English Elee- 
tric Company were pioneers in the standardi- 
sation of ball and roller bearings for industrial 
motors, it is interesting to observe not only 
that an installation of this class is a satisfac- 
tory proof of the efficiency of such bearings 
under severe conditions, but also that roller 
bearings have been employed extensively 
throughout the mechanical plant in order to 
increase its efficiency. 

As will be seen from the flow sheet the 
largest product from the crushers is elevated 
to a 25 ton bin astride a track outside the 
second crusher house, but everything smaller 


is split into two flows, one passing direct into 


” 


the series of screens above the ‘‘ shallow 
bins to be graded and sold as clean stone, the 
other into a vertical drier and heater discharg- 
ing into a similar series of screens which feed 


the “ deep “bins. The hot stone in the’latter 
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is allowed to cool to the correct temperature 
and then forms the aggregate for the manu- 
facture of Asphaltie Tarmacadam. Each of 
the two parallel rows of screens consists of two 
rejection sereens and a four-stream 
sercen. The first rejection screens separate 
the 24 in. and 2 in. sizes, the 14 in. and 
smaller sizes being discharged on to an in- 
clined conveyor which takes them to the second 
The latter eliminates the 


and l-in. sizes, the down ”’ 


rejection screen. 
dis- 
charging into the ‘‘ four-stream ’’ sereen in 
which the final four sizes are separated out. 

The sereening system of which views are 
given in Figs. 6, 7 and 8, has been designed 
to give the most perfect grading possible of 
seven sizes from 24 in. down to £ in. Asa 
rule the drives are of a composite nature, with 
one motor for a group of sereens, or sereens 
and conveyors, and the motors are in all eases 


THE SECONDARY CRUSHER AND 
100 H.P. Moror, 
of the pipe-ventilated type with in- 
let filters. ‘* Renold chains are 
used extensively for the  sereen 
drives. With few exceptions the 
sereen and conveyor motors are of 
the squirrel-cage type with self- 
contained spur or helical reduction 
gearing ; as is customary with ‘*Eng- 
lish Eleetrie 


motors, the starting 
torque has been selected from the 
wide range of available standards, 
so as to be thoroughly adequate for 
each particular drive. 

The outputs of the various motors 
driving the sereens, conveyors and 
elevators, vary from 5 H.P. for 
some of the shorter conveyors up to 
100 H.P. for two secondary screens 
and their main conveyor. 

A special feature of the sereen- 
ing arrangements adopted at this 


Fic. 6. MAIN ELEVATOR DisCHARGE AND tst GRADING ScrEENs. quarry is that, contrary to the usual 
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practice, all the various sizes with 
the exception of the smallest are 
separated in the form of rejections, 
and instead of the small sizes being 
taken out first they are left to the 
last. 

In order to deal with any un- 
usually heavy demand for a parti- 
cular size of stone a re-crushing bat- 
tery is provided at the end of the 
storage bins so that any particular 
size can be diverted from the bins 
and passed from the screens to this 
crusher for breaking down to the 
special size required. The product 
is then dealt with on a_ vibratory 
screen, 

The manufacture of the asphaltic 
Tarmacadam mixture is of some in- 
terest, as the various processes have 
to be controlled in a definite way in 
order to obtain a satisfactory ‘pro- 
duct. As mentioned earlier, the 
stone to be used as the aggregate 
for the mixture is heated and dried 
before screening, but experience has 
shown that a certain period must 
elapse between the drying and mix- 
ing processes, in order to allow the 


Fic. 8. Motor DrIvE or Two 4-STREAM SCREENS AND CONVEYOR. 
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SECOND GRADING SCREEN AND FouR-STREAM SCREEN. 


surface moisture to evaporate by 
sweating, and the stone to cool 
off to the correct temperature. An- 
other important point is the grading 
of the various sizes contained in the 
aggregate, and an elaborate auto- 
matic system has been adopted 
which completely eliminates the 
human element and guarantees con- 
sistent grading. 

The tar mixers are of the drum 
type mounted on trunnions, and 
each has a batch capacity of one 
ton and is driven through gearing by 
a 10 H.P. totally-enclosed motor. 
The capacity of the tar plant is 
about 1,250 tons per 48-hour week, 
but this can be doubled if necessary 
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by working two shifts. 

One of the most interest- 
ing parts of the equipment 
is the provision for hand- 
ling the rough stone after it 
has been quarried by drill- 
ing or tunnelling, and blast- 
ing. The large seale on 
which the latter processes 
are conducted will be real- 
ised when it is stated that 
falls of 10,000 to 15,000 tons 
of rock have already been 
produced. Compressed 
air is used largely for 
drilling, and the necessary 
supply is furnished by the 
compressors installed in the — Fic. 9. 
power house. These machines, which are 
illustrated in Fig. 9, are driven by 100 H.P. 
slipring motors. Two electrically-operated 
navvies mounted on caterpillars load the 
muterial into specially constructed standard 
gauge steel wagons of 15 tons capacity built 
and equipped by The English Electric 
Company. ‘Two wagons are shown in Fig. 10. 

Each wagon is driven through spur-gearing 
on one axle by a totally-enclosed motor of 


Fic. 10. 15-ToN REMOTE CONTROLLED ELECTRIC WAGONS, 


AIR COMPRESSORS IN POWER HOUSE DRIVEN BY 100 H.P. Morors. 


20 H.P. at the one-hour rating, which takes a 
230-volt D.C. supply from a live rail situated 
midway between the running rails. The live 
rail is arranged for an over-running shoe and 
is protected on each side by wooden guards; 
the running rails are used as the return con- 
ductor. The power supply is from a motor- 
generator set of standard design. 

The rough service conditions necessitated 
very robust construction of the underframes 
and containers, which are 
made interchangeable in all 
the wagons. The underframe 
is built up of channels suit- 
ably stiffened and braced, 
while the container is of 
4 in. boiler plate, and is 
provided with a flap-type 
door at one end to permit 
of unloading by tipping the 
wagon endwise through an 
angle of about 40°. 

Movement of the wagons 
is controlled from the look- 
out cabin erected above 
the power house and shown 
in Fig. 11. The track is 
divided into nine electrical 
sections, eight of which are 
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individually controlled from 
the cabin, while the ninth 
—at the primary crusher— 
is controlled by con- 
tactor placed at the side of 
the track, thereby enabling 
the wagons to be ‘‘inched”’ 


to the exact position for 
tipping. Each of the first 


eight sections is fed through 
in the 
the complete group being 
mounted on a _ semi-cireu- 
lar framework 
suspended from the roof so 
that the operator has an 
uninterrupted view 
the whole of the track. 
The contactors are closed by hand and then 


a contactor cabin, 


skeleton 


over Fic. 11. 


held in by a series coil so that as soon as the 
wagon passes off any section the corresponding 
contactor automatically opens and makes that 
section dead. They are a modified design of 
a standard ** English Electric ’’ type and have 
a magnetic blowout and loose-handle move- 
ment; in addition, a red indicating lamp_ is 
fitted on each to show when the section of 
track is live. 

Two collector shoes are fitted to each wagon 
and a permanent series resistance is inter- 
posed between them and the motor. Reversal 
of direction is effected by a lever-operated cam- 
type reverser on each wagon, that is set auto- 
When 
approaching the end of the track the reverser 


matically by stops fixed on the track. 


1V.—Commercial 


It would be difficult to find a more instruc- 
tive example of the application of electric 
driving to a large modern engineering works 
than the Southall Works of the 
Daimler Co., and the permission and_ assist- 
anee which have been accorded by that Com- 
pany for the preparation of the following notes 
are gratefully acknowledged 

In 1926 an amalgamation was effected be- 


Associated 


PowER House AND CONTROL TOWER FOR ELECTRIC WAGONS. 


is first the off” 
braking gradually applied until the wagon 


moved to position and 
approaches a second stop which throws the 
reverser for the return journey. Green 
white lights are fitted at both ends of 


and 
the 
wagons to show the direetion of movement and 
are switched over by the reverser. 

The running speed of the wagons is 5-miles 
an hour until they reach the primary crusher 
section where a resistance in series with the 
track reduces the speed of the loaded wagons 
to about 1 mile an hour. 

It is desired to express appreciation of the 
permission granted by the management. of 
Messrs. Roads Reeonstruetion, Ltd., for the 
publication of these particulars, and of the 
assistance afforded by Mr. Watt, the Chief 
Engineer. 


Motor Vehicles. 


tween the Associated Equipment Company 
and the commercial side of the Daimler Com- 
pany with the formation of a new undertaking 
having world-wide and having 
under its control either directly or through its 
associates the manufacture of nearly all the 
materials used in the construction of its 
The Associated Equipment Com- 


pany was formed in 1912 for building the 


business, 


vehicles. 


54 


THE ENGLISH ELECTRIC JOURNAL 


Fic. 1. AERIAL VIEW OF THE ASSOCIATED 


chassis required by the London General 
Omnibus Company and then took over the 
Walthamstow faetory which had been started 
in 1906. The enormous demand for mechani- 
eal vehicles during the war led to complete 
control of the factory by the Government and 
progressive expansion in area and output until 
by 1918 it occupied an area of 485,700 sq. ft., 
and had produced some 10,000 3-4 ton lorries 
of the familiar ‘** A.E.C.”’ type for the three 
fighting services. The problem of how to make 
economic use of so large a plant after the War, 
was solved by the decision to enter the open 
market as suppliers of commercial motor 
vehicles for all purposes. 

Following the amalgamation it was decided 
to vacate the old Walthamstow factory, which 
after 20 years was ineapable of further expan- 
sion, and to lay out a new plant of modern and 
comprehensive character at Windmill Lane, 
Southall, adjacent to the main line of the 
Great Western Railway. Fig. 1 shows the 
present development of the site which covers 
forty acres and contains a specially constructed 
econerete track for testing the vehicles under 
practical conditions. 

The manufacturing and assembling is ear- 
ried out in the vast one-storey block furthest 
from the observer in the aerial view. This 


=. 


DAIMLER COMPANY'S SOUTHALL WoRKs, 


contains an equipment remarkable not only 
for its size, but also for its completeness and 
up-to-date character. The individual machines 
have been selected or designed with special 
regard to the particular class of work, and they 
have been arranged so as to ensure an orderly 
progression of the work from the raw material 
stage to the testing and despatch. 

Electrical power is purchased from the 
Metropolitan Electric Supply Company, 
Limited, and is received from a substation 
close to the Works as a 3-phase, 22,000-volt 
supply and transformed down to 415 volts for 
power purposes. 

The whole of the motors, with perhaps one 
or two isolated exceptions, have been supplied 
by The English Electrie Company; they total 
138 machines, having an aggregate full-load 
output of 2,625 HP. in sizes varying from 8 
to 30 HP. Both group driving and individual 
driving are employed, the latter being applied 
chiefly to large special machines for multiple 
operations on particular components. All the 
motors are standard ‘* English Electric 
squirrel-cage motors of the protected type of 
either the LK. or AG. design, with bearings 
of the ball and roller type. 

In accordance with the current practice of 


this Company the details of the electrical de- 
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sign were considered carefully in relation to 
the starting requirements, and the 30 HP. line- 


shaft motors were given a somewhat larger 
starting torque than the normal design. In 


view of the continuous operation of the factory 
day and night great attention was necessarily 
directed to efficiency and power factor, and it 
is satisfactory to be able to state that the 
guaranteed figures were found to have been 
improved upon. -The actual figures obtained 
for the 80 HP., 960 R.P.M., AGT. 4 machines 
were as follows :— 


Load. Efficiency. P.F. 
... 87.8 916 

4 87.9 865 
The starting torque 


(star/delta) was 57 per 
cent. of full-load torque 
with 1.8 times full-load 
current and the 
torque obtained 
was 2.35 times normal. 


maxi- 
mum 


The lineshaft motors 
are arranged groups 


of two or four mounted 
overhead on transverse 
joists bolted to the roof 
stanchions, this arrange- 
ment being typical of the 
attention given to econo- 
mising floor space to the 


fullest extent possible. 
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THE INSTALLATION OF THE 30 H.P. LINESHAFT Morors. 


Fig. 2 shows a view in the shop before the in- 
stallation of the machine tools, but with some 
of the lineshaft motors in place. Each motor 
drives on to a 5-foot pulley on the lineshaft 
which in turn transmits the power to counter- 
shafts, and thence to the machines numbered 
between 20 or 30 in each group. 

For the smaller outputs the new LK. motor 
has been supplied, and two of these machines 
can be seen together with a third machine of 
the AG. type in the illustration of an ‘* Arch- 
dale ’* Milling Machine shown in Fig. 3. 


Fic. 3. ARCHDALE FRONT AXLE MILLING MACHINE, 
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The LK. design of squirrel-cage motor em- 
bodies all the improvements which long ex- 
perience and the trend of modern practice in 
the application of this class of motor could 
suggest to the Company’s designers. Space is 
not available to deseribe in detail their many 
interesting features, but these may be sum- 
marised by stating that high and smooth start- 
ing torque and very efficient ventilation have 
been incorporated in a design which is 
extremely compact, and affords good mechani- 
‘al protection adequate for the majority of 
industrial drives. As in the other industrial 
motors of the Company ball and roller type 
bearings are employed, and these, in conjune- 
tion with the frame proportions, have resulted 
in a short core and shaft possessing great 
rigidity. The ventilation system is such that 
air is drawn in round the bearing at each end 
of the machine and expelled through protected 
openings at the sides of and underneath the 
stator frame. 

Returning to the ** Archdale ’’ Miller, shown 
in Fig. 8, this machine is specially arranged 
for milling the front axles of 


motor 


Fic. 5. AsquirH’’ BACK AXLE 


Fic, 4. 


BoRtNG MACHINE, 


RypER’’ VERTICAL AUTOMATIC LATHE, 


omnibus chassis, 
inachines simultane- 
ously six surfaces for 
the two spring seatings 
and the four swivel pin. 
faces, the whole opera- 
tion on an axle occupy- 


ing about twelve 
minutes. The © six 


cutters have an average 
diameters of 12. ins., 
and are driven in three 
pairs by two LK. 
motors each of 5 H.P., 
and one AG. motor of 
114 H.P. 

Another example of 
LK. motor drives is 
the Asquith boring 
machine, shown in Fig. 
5, into whieh are built 
two 5 HP. LK. motors 


5? 
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for driving the boring spindles, and one 10 HP. 
AG. motor mounted at the top and operating 
the vertical facing head. This tool operates 
on rear axles, boring the two ends by means 
of two horizontal boring bars, and at the same 
time facing up the worm casing by a vertical 
spindle in the centre head. 

The ‘* Archdale ’’ front axle drilling machine 
shown in Fig. 6 drills all the holes simul- 
taneously on the palms and swivel bosses, and 
carries no fewer than five motors for operating 
the twelve drill spindles. The three LK. 
machines, two of 3 HP. each and one of 
1 HP., are not visible in the picture, but the 
two 10 HP. vertical spindle AG. motors driv- 
ing the two vertical heads are prominent. 

A somewhat unusual type of machine tool is 
the Ryder ”’ 
in Fig. 4. 


vertical automatie lathe, shown 
This is driven by a single 114 HP. 
motor of the AG. class and has six spindles, 
five of which work simultaneously, the sixth 
being kept for loading the machines. The 
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Fic. 6. ‘ARCHDALE’? FRONT AXLE DRILLING 
MACHINE, 


work dealt with consists of turning, forming, 
boring and facing gear blanks, and two of the 
machines are situated side by side and attended 
It will be seen that the 
motor is mounted in a substantial and work- 
manlike-manner, with two runs of serewed 


to by one operator. 


conduit bolted up to the terminal box to earry 
the six leads ta the star-delta starter. 

The opposite illustration, Fig. 7, shows 
one of the moving assembly tables that are 
now used for facilitating assembly in factories 
turning out composite articles of medium size 
on a mass production basis. In this example 
the ** table ”’ 
veyor to which trolleys are attached for carry- 


consists of a bushed chain con- 


ing the gear boxes on which assembly is pro- 
ceeding. The length of the conveyor between 
centres is 70 ft. and the drive is by means 
of a 5 HP. motor of the LK. type with trans- 
mission through chain and worm. reduction 
gearing, all of which are housed in a pit at one 


2 
7-. 
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Fic, 7. GeEAR Box ASSEMBLY TABLE. 
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Fic. 8. 


table. 
completed daily on this conveyor; similar con- 
for the 
unit parts of a 


end of the About 50 gear boxes are 


vevors of appropriate size are used 
assembly of engines and other 
complete chassis. 

Having briefly sketched the 
* English Eleetrie 


contribution of 
** motors in one of the best 
equipped factories in the world to the produe- 
tion of the modern means of road transport, 
it is not without interest to show a typical 


example of the finished product. The omni- 


A CONTRIBUTION TO THE TRANSPORT 


FACILITIES OF ATHENS, 

buses illustrated in Fig. 8 form part of a fleet 
supplied to the order of an associated company 
This fleet 
is one item in the complete renovation of the 
and 


of The English Electric Company. 


transport facilities electricity supply of 


the city of Athens, in connection with which 
many of the larger English Eleetrie pro- 
duets, power station plant, transmission and 
distribution systems, and electrie vehicles for 
the outlying districts being 


serving are 


supplied. 


A Recent [ndustrial Locomotive I[nstallation. 


A steady demand for electric locomotives for 
use in industrial undertakings in all parts of 
the world is satisfaetory evidence that this 
form of haulage has substantial eeonomie ad- 
They 


doubtedly offer an opportunity for reducing pro- 


vantages over older methods. un- 
duetion costs by eliminating the waste of fuel 
and labour inseparable from working steam 
locomotives in intermittent and 


an 


by reducing maintenance expenses. Further 
advantages are their large capacity for over- 
loads, their cleanliness and the ease with which 
they ean be operated. It frequently happens 
that a detailed investigation of the conditions 
light 
dental to the change-over to electric haulage. 

This Company 
three 10-ton 


brings to unexpected eeonomies  inci- 
completed 


Uhl 


has  reeently 


locomotives for the River 


Ivdro-eleetrie Scheme in the Punjab, an 11- 
and two 


ton locomotive for Seottish Oils, Ltd., 


-ton locomotives for the Mount Lyell Mining 
& Railway Co. in Tasmania. It also has in 
hand some large battery locomotives for the 
Bombay, Baroda and Central Indian railway, 
In the 
present article a deseription is given of a com- 


which will be deseribed in a later issue. 


plete locomotive installation supplied for the 
Mine of the 
Asbestos Corporation, consisting of two battery 


Shob:nie Rhodesian & General 
locomotives and a battery-charging plant. 
Each locomotive weighs 44 tons in full run- 
ning order, and has the following dimensions : 
ft. ins. 


Overall Width 6 
Height over cab... 
Wheel Diameter... 


| 
af — 
a= 
reine 


60 


THE ENGLISH ELECTRIC JOURNAL 


BATTERY LOCOMOTIVES FOR THE SHOBANIE MINE OF THE RHODESIAN AND GENERAL ASBESTOS CORPORATION, 


The whole of the equipment was designed 
and constructed for operation under tropical 
conditions and at an altitude of nearly 4,000 ft. 
above sea level, and, as will be seen from the 
illustrations, provision is made on the loco- 
motive cabs for protecting the drivers from the 
direct rays of the sun. At the same time the 
dimensions were restricted by the size of the 
mine tunnels into which the machines have to 
run. The mechanical parts are of the “ built- 
up ’’ type, with frames of rolled steel channels 
well braced to ensure rigidity and fitted with 
buffers and coupling of the central type 
arranged for three coupling heights to suit the 
existing mine cars. 

Rheostatie Braking is provided for on the 
controller and in addition hand-braking can 
be applied from the cab to all four wheels. 

The electrical equipment on each locomotive 
consists of :— 

Two DK. 51 F. Traction Motors. 

One DB.1 M3. Controller. 

One Type D. Form A. Cireuit-Breaker 
with shunt trip coil. 

Ammeter, Voltmeter, Amperehour Meter. 

Two Charging Sockets and Plugs. 

Each motor drives one axle through totally- 
enclosed worm gearing running in oil, and has 
a one-hour rating of 73 horsepower at 95 volts 
—the mean discharge pressure of the battery. 


The corresponding tractive effort at the tread 
of the wheels is 1,800 lbs. The controller is 
arranged for series-parallel control in both 
directions of travel and also for rheostatic 
braking. Sanding gear on all wheels and a 
warning gong are operated by pedals in the cab. 

Electrical energy is drawn from a battery of 
accumulators supplied by The D.P. Battery 
Company, each locomotive having fifty type 
KAL-28 cells with a capacity of 352 ampere 
hours at the five-hour rate of discharge. 

For charging the batteries from the avail- 
able three-phase 50-eyele system a_ trans- 
former and motor-generator set with the 
necessary switehgear have been supplied, of 
sufficient capacity for charging two batteries 
in parallel at the same time. 

The 30 kVA. transformer is of the oil- 
immersed, self-cooled core type for indoor ser- 
vice, and transforms down from 1,040 to 220 
volts. The motor-generator comprises a stan- 
dard squirrel-cage induction motor of 26 HP., 
arranged for star-delta starting, directly 
coupled to a shunt-wound battery-charging 
generator giving a full-load output of 132 
amperes at 110 to 140 volts. The speed of the 
set is 1,450 RPM. Starting is effected from 
a control panel that earries, in addition to the 
oil-immersed star-delta starter, an isolating 
switch interlocked with the starter, and an 
ammeter. 


: 
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“English Electric Locomotive fitted with “‘ Kathanode” Batteries. 


A PERFECT 
COM BINATION 


[nglish Flectric 
[ngineering 
and 


a” 
KATHANODE 


The D.P. Battery Co., Ltd., 


Bakewell, Derbyshire. 
London Office: 11, Victoria Street, S.W.1. 
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English Electric ” 
CARTRIDGE FUSES 


Pe, This type of construction readily 
4 lends itself to expansion. 
3 Units can be built up to 
: 
accommodate any number of 
<q a” ways for either single or three- 
phase systems. 


E.H.T. 
FUSE CUBICLES 


These tuse cubicles are designed for working 
pressures of 2,200, 3,300 and 6,600 volts. 


Maximum rating 400 kVA. per phase. 


Guaranteed rupturing capacity of fuses 


75,000 kVA. at 6,600 volts. 


The fuse is mounted between isolating links 
and the doors are so interlocked that access 
to the fuse cannot be obtained until the 
isolating chamber doors have first been 
opened and reclosed. 


This is necessary to meet the requirements 
of the Home Office Regulations and the 
whole unit has been submitted for approval 
to H.M. Electrical Inspector of Factories. 


Write for Publication No. 975 which illustrates the 
many applications of these units. 


SLATE BASE 


SHROUD REMOVED 
TO SHOW CONTACT 


DOME ENDED 
SELF-ALIGNING 
CARTRIOGE 


~ SCREW SEAT 
OPERATED WITH 


CARTRIDGES 


L.T. HANDLE-TYPE 
CARTRIDGE 
SWITCH FUSE 

Range 0-700 amperes. 
Maximum Working Pressure 750 volts. 
Guaranteed Rupturing Capacity 25,000 kVA. 


Five sizes of handle are standardised to 
cover the whole working range. 


A noteworthy feature is the dome-ended 
cartridge, making the bedding of the contact 
faces independent of the exact alignment of 
the adjacent parts. 


Each unit complete with shrouds complies 
with the Home Office Regulations applicable 
to this type of apparatus. 


The whole range is illustrated in detail complete with 
drilling dimensions etc., in Publication No, 968. 


THE ENGLISH ELECTRIC 


COMPANY LIMITED 


Head Office:— 


Queen’s House, Kingsway, London, W.C. 2. 


Works: BRADFORD, COVENTRY, 


PRESTON, 


RUGBY AND _— STAFFORD. 
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CONCENTRATED 
EFFICIENCY 


ENOLD Chain Drives 

mean concentrated efficiency 
in power transmission. They 
possess all the advantages and 
none of the disadvantages of 
other forms of power trans- 
mission, They are positive and 
flexible, and transmit full power 
without slip, friction or vibra- 
tion. They enable many econo- 
mies to be effected in power, 
light and space, and they main- 
tain 98% efficiency throughout 
long life. 


RENOLD 
STANDARD 
STOCK DRIVES 


ANY DRIVE FROM 
1 to 100 h.p. DELIVERED 
WITHIN 24 HOURS 


Send for Booklet 
Ref. No. 00054. 


HANS RENOLD LIMITED 
DIDSBURY MANCHESTER 


TRAMCAR 


AND 


MOTOR BUS 
FITTINGS 


from the well-known 
Stainless Steel 


“FIRTH-STAYBRITE” 


This Steel takes a polish 


equal to silver. 


Will not Oxidise er Tarnish. 


Withstands the action of 
Sea-water and most acids. 


Castings supplied from 
customers’ own patterns, 
or can be made to drawing 
or sample. Also Sheet, 


Tube, Wire and Rod. 


MILD STEEL CASTINGS 
A SPECIALITY 
PROMPT DELIVERY 


Cabinet, Railway and_ Builders’ 
Brassfounders, Tramcar, Motor Bus 
and Ships’ Fittings in Brass, Gun 
Metal, White Metal and ‘Clarus” Alum- 
inium Alloy. 


GABRIEL 
& COMPANY 


A. B. ROW 


BIRMINGHAM 


Telephone : Telegrams : 
8177 Central (2 lines). 


Gabriel,"” Birmingham. 
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Don’t risk breakdown! 


To buy cotton, silk or 
enamel insulated wire on 
price is “penny wise, 
pound foolish.” By 
eliminating all risk of 
costly breakdowns, LEW 
wire is the cheapest in 
the long run. The LEW 
mark has set the highest 
standard for quality for 
over 50 years. 


The LONDON ELECTRIC 


WIRE Co. & SMITHS LTD., 
Playhouse Yard,Golden Lane,London, E.C.1 


Phone Clerkenwell 1388. Ele-tric,” London. 


4 v 


BALL-JOINTED INSULATORS 


Made by the largest manufacturers of Insulators in the World. 


INSULATORS. TELEGRAPH 
| INSULATORS. 


SUSPENSION AND 


STRAIN INSULATORS. 
HIGH TENSION 
SHACKLE INSULATORS 
INSULATORS. 


for pressures 
up to 
200,000 volts. 


DRY PRESS PORCELAIN 
or EVERY DESCRIPTION. 


Section through Ball-Jointed Insulator after mechanical test. 
The pull, 18,700 lbs., exceeds the elastic limit of the metal pin, 
ye! the porcelain remains whole. 


May we quote for your next requirements of Insulators of any type ? 
The Equipment & Engineering Co., 


“Kharparts, Estrand 2-3, Norfolk Street, Strand, City 1088 
London.” LONDON, W.C. 2 (2 lines). 


Tike Tak 
WMH 
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“What is aught but as ’tis valued?” 


The value attached by steam-users to 


GREEN’S 
ECONOMISER 


is typified in the following extract from a 
letter written during a recent coal strike: 


“Tt ts almost impossible for us to 
carry on without it, on account of 
the poor coals we are receiving” 


Green’s Economiser increases 
by 15-20 per cent. the calorific 
value of coal in steam plants 


rt Recommendations and estimates free on receipt 
ee Pe ese of details of the boiler plant it is to serve 


GREENS TRI-TUBE ECONOMISERS. 


E. GREEN SON, 


AND 


‘homes 
HUDDERSFIELD 
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RO LLI N G iV ; LLS — (HEAVY, MEDIUM AND LICHT) 


OF THE MOST MODERN CONSTRUCTION. 


The designs of ‘* DAVY” Mills are 
based on the latest practice, both 
in Great Britain and abroad, and 
ensure : 

High output. 

Economy in production. 

Freedom from breakdown. 
WE ARE MAKERS OF: 


| BLOOMING MILLS. REVERSING PLATE 
| MILLS. THREE-HIGH PLATE MILLS. 
| 


SECTION MILLS. MERCHANT MILLS. 
SHEET MILLS. 
““MORGAN”’ CONTINUOUS ROLLING MILL 
PLANTS. TYRE AND WHEEL; MILLS. 
COLD ROLLING MILLS. 
ACCESSORY MACHINERY INCLUDING 
SHEARS, HOT SAWS, MANIPULATORS, 
| ROLLER GEAR, INGOT TILTERS, ROLL 
| LATHES, etc. 
| FORGING PRESSES AND HYDRAULIC 
MACHINERY. STEAM HAMMERS. STEAM 
BOILERS. 


DAVY BROTHERS 


LIMITED. 


SHEFFIELD 


ESTABLISHED 1830. BLOOMING AND SLABBING MILL WITH ROLLS 40 in. DIAMETER. 


100%" ENGLISH ELECTRIC” PLANT 
at the Clydebridge Works of David Colville @ Sons LT 


“-A World Record 


in the rolling of steel plates 
has been set up at the Clyde- 
bridge Steel Works, Cambus- 
lang, of Messrs. David Colville 
and Sons (Limited). During 
the week ending at one o'clock 
on Saturday last the firm's large 
plate mill produced materials 
of a slab weight of 6,532 tons 
and a finished weight of 5,200 
tons—the latter figure being a 
record for the rolling of finished 
plates within one week.” 

Glasgow Herald, Jan. 23, 1928. 


The 
ENGLISH ELECTRIC 
Company Limited, 
Queen’s House, Kingsway, 
London, W.C.2. 


XIV 
| CONSULT US FOR 
| 
: 
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“English Electric” 
INDUCTION 


MOTORS 


HE Bradford Works of The 
English Electric Company is 
the largest in the country 

devoted exclusively to the manu- 
facture of Industrial Motors and 
is equipped with complete modern 
plant for all the processes. 

The designs are based on an 
exhaustive study of the best way 
of obtaining those qualities which 
are essential for satisfactory service, 
and it is claimed that the system of 
bearings, of ventilation, of windings, 
and of frame construction, embody 
the most modern knowledge and the 
best craftsmanship available. 


Registered Trade Mark. 


The 


ENGLISH ELECTRIC 


Limited 


SSS 
woRKs:— COVENTRY, PRESTON, KHUOBY, STAFFORD 
MEAD OFFICE: 


Queen's House, Kingsway, Londen, 2. 


INDEX TO 
ADVERTISERS 
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Craske, Alfred, Ltd.... 
Davy Brothers Ltd. .... 
D. P. Battery Co., Ltd. ... IX 


English Electric 
IV, VI, 
Company, Limited x, x1v, xv 


Equipment & Engineering Co. x1 


Gabriel & Co. 
Green, E. & Son, Ltd. 
Heenan & Froude Ltd... V 
London Electric Wire 

Co. & Smiths Ltd. Sis 
Mason, E. N., & Sons, Ltd..... Il 
Renold, Hans, Ltd. .... om 
Siemens Brothers & Co., Ltd. vin 
Straker Brothers, Ltd. «we XVI 


Strathclyde Paint Co., Ltd. v 
Yorkshire Copper Works 
Ltd. 


All communications respecting Editor- 
ial Contents and Advertising Rates 
should be addressed to The Editor, 
The English Electric Journal, 
Queen’s House, Kingsway, W.C.2. 


When communicating with Advertisers 
please mention English Electric Journal. 


| 


| 
| 
| 
‘ 
| 
~ | 
| 
| | 
| 
| 
| 
| 
| 
| 
} 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
——~ | | 
| | 
| | 
| | 
| 
| | 
| | 


THE ENGLISH ELECTRIC JOURNAL January, 1928, 


( 
i 
‘ 
“De Olde Bishops Gate” 
\ 1620 ( 
Press 
( (STRAKER BROTHERS \ 
Printers and Stationers \ 
4 to the Electrical Industries \ 
Publishers Lithographers ( 


& Account Book 
Makers 


194-200 Bishopsgate London.cca. 


Please mark all enquiries E/l. 


SENS 
WAY, a, 


- 


AGG 


4 


XVI 
a 
Z Z 
] 
~ 


THE ENGLISH ELECTRIC JOURNAL 


Copper, Brass 
and 


Cupro - Nickel, 
for 
Power Stations. 


CUPRO-NICKEL 
CONDENSER TUBES 
(80/20, 70/30, etc.) 
AND OTHER ALLOYS. 


BRASS CONDENSER 
TUBES in all standard 
and special mixtures in- 
cluding 70/29/1 (Admiral- 
ty), 70/30 and ‘“ Bemal.” 


COPPER TUBES up to 
24in. diameter. 


LEEDS, 
Telephones : 20031. 


The Prevention of 
Corrosion-Erosion. 


Research in our Labora- 
tories has made it quite 
clear that this type of 
trouble is due to entangled 
air and gases in the cooling 
water. 


We can advise you how to 
obviate or get rid of this 
trouble; in the meantime 
“Yorkshire” ‘Tubes are 
the best palliative, and 
where trouble is severe 


vyorksh! re” 


Cupro-Nickel Tubes 


are more economical than 
brass. 


Our Research Department 
has 20 years’ experience of 
Tube problems and will 
be pleased to investigate 
any Tube troubles, and 
suggest the remedy. 


Contractors to British and Foreign Admiralties 
and all Government Departments. 


ENGLAND. 
Telegrams : Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2. 


April, 1928. ee ! 
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MASON SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


“HALLMARKS” OF DISTINCTIVE TRACING CLOTHS 
Ruby-Lion 


fi 


WE ARE SOLE PROPRIETORS OF THE ABOVE BRANDS. 
SEND FOR OUR PRICE LIST AND SAMPLE BOOK No. 1. 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON.-TYNE. 
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DE LAVAL NON-AERATING 
Transformer Oil Purifiers 


Witha De Laval Non-Aerating 
Oil Purifier the oil in Conservator 
and Inertaire Transformers can 
be dehydrated without adding 
free or dissolved gases or chang- 
ing the oil level. The work can, 
therefore, be done whilst the 
Transformers are on load. 


Experience has shown the De 
Laval Open Type Purifier to be 
the best method for dehydrating 
the oil in ordinary Transformers, 
and the De Laval Non-Aerating 
Purifier for special types of 
Transformers. 


For further particulars of both 
types of oil purifying equipments 
write to :— 


ALFA-LAVAL Co., Ltd., 


34, Grosvenor Road, London, S.W. 1. 
De Laval Non-aerating Transformer Oil Purifier dehydrating oil in 
Conservator Type Transformers installed in an Telephone: Victoria 0800 and 3618. 
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QUALITY HAS ALWAYS BEEN OUR FIRST OBJECTIVE. 


We SEND OUR OWN PHOTOGRAPHE RS TO 
ALL PARTS OF THE UNITED KINGDOM 
AND THE CONTINENT. 
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5, EAST HARDING STREET, E.C.4 


Telephone CENTRAL, 2602, 2603 & 2646 


All the Blocks 
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af. ALFRED CRASKE, LTD. 
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THE 
ALL BRITISH AND BEST. 
VOLTAGE REGULATORS 


AS USED ON 


THE G.P.O. (LONDON) TUBE 
RAILWAY 


CONTROLLING ROTARIES. 


_ TAYLOR SCOTSON, COXPAR, COXOHM AND COXPARO 

| IN USE IN MANY OF THE LARGEST POWER STATIONS 

| CONTROLLING OVER 100,000 K.W. IN SINGLE STATIONS. 
DOWN TO |, K.W. FOR WIRELESS TRANSMISSION, 
TRAIN LIGHTING, SUBMARINES AND AEROPLANES. 

SOLE MANUFACTURERS: 
COX-WALKER AND PARTNERS, 
N.E. ELECTRIC WORKS, DARLINGTON. 


Mica, Leatheroid, Vulcanized Fibre 


EMPIRE CLOTH AND TAPE 


Bakelite Sheets, Tubes, Spools, etc. 


for Oil-immersed Apparatus and Transformers. 


BAKELITE RESIN, VARNISH & MOULDING POWDER. 
EBONITE for erecrrical MANUFACTURERS 


ATTWATER SONS, 


Established 1868. 


PRESTON, ENGLAND. 


Contractors to the British, American, French and Italian War Offices and Admiralties. 
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HAIN Drives—the most 
efficient and economical 
of all power transmission 
systems—are stocked for im- 
mediate delivery. 
By referring to the Renold 
Booklet on Stock Drives any 
power user can select a drive 
to suit his requirements, know 
its cost and order it from the 
nearest Renold Branch. It 
will be despatched, complete 
and ready for installing, with- 
in 24 hours. 


RENOLD 


STANDARD 
STOCK DRIVES 


DELIVERED IN LESS TIME THAN 
IT TAKES TO QUOTE ON 
OTHER TRANSMISSION GEAR, 


Send for Booklet 
““RENOLD STANDARD STOCK 
DRIVES.” 


HANS RENOLD LIMITED 
DIDSBURY, MANCHESTER. 


prive BY 


Storing 
Steam 


Proved system of equalising 
steam generation and distribu- 
tion increases factory output. 


S a means of increasing industrial out- 

put and reducing manufacturing costs, 
the RUTHS STEAM ACCUMULA- 
TOR has firmly established itself. 


It provides: —between the boiler house and the 
manufacturing plant—steam storage capacity 
capable of maintaining a constant pressure on 
both the boiler steam range and the factory steam 
main, 

How this improves productive efficiency and 
economy is demonstrated by Mr. A. J. T. Taylor 
in the pamphlet referred to below. 
It should be studied by every 
industrial plant engineer. 


RUTHS STEAM 
ACCUMULATOR 


* A valuable book entitled ** Steam 
Storage’ should be in the hands of 
every person responsible for costing or 
production in steam operated plants. 
It will be sent free on application. 
Write to 
Ma A. FAYLOR:. 

59, AFRICA HOUSE, 
KINGSWAY, LONDON, W.C.2 
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YOUR PRODUCTION INSURANCE! 
Buy a Machine that bears 


“The Seal of Satisfaction” 


| 
| 


Illustration of 10” size machine. 


The “Butler” Puncher Slotter 


A machine that enormously reduces costs 
of forging or stamping many large pieces 
in the heavier branches of the Engineer- 
ing trades. Crank webs may be 
completely slotted out, saving a large  Pyoduct of The Butler Machine Tool 
poe of time over sawing and drilling. Co. Lid, Helifex. Conaiiiiens 
oco or wagon spring buckles may be ; a 
completely cut out (see our prospectus). Member of Associated British 
Made in six sizes, 10” to 26". Machine Tool Makers, Limited. 


When Better Machine Tools are built, A.B.M.T.M. will be the Builders. 
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The first of its kind in Gt. Britain 


Power Unit 


8-cylinder, 500 B.H.P., 
+-cycle high-speed, light- 
weight Diesel Engine 
running on crude re- 
sidual oil, and driving 
a 600-volt_ electric 
generator. 


The 


LMS 


DIESEL ELECTRIC 


The English Electric Company who are pion- 
eers in all forms of Electric Traction have in 
conjunction with Messrs. Wm. Beardmore & 
Co., devised a traction system for motor-coach 
stock and locomotives which offers special 
advantages for certain classes of service. 
With the flexibility and ease of control of 
electric propulsion is combined a_ highly 
economical prime mover of light weight. 


The special design of generator and control gear 
utilises maximum output of engine at all train speeds 
without possibility of overloading, and is suitable 
for multiple unit operation with one man control 
as on ordinary electric trains. The illustration 
depictsa Diesel-Electric train on the L.M.S.Railway 
equipped with 500 H.P. 600 Volt power unit. 


Advantages 


High economy inrunning 
costs by utilising the 
most efficient type of 
heat engine. 


No boiler and no engine 
attention required in 
running. 


No standby losses. 


ENGLISH ELECTRIC 


Tompany Lamited. 


Queen’s House, Kingsway, London, W.C. 2. 


Either of the above firms will be 
pleased to give full particulars to 
any responsible Railway executive. 


36, Victoria Street, 


London, S.W.1. 
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General view of the Woolwich Works of Siemens Brothers & Co., Ltd. 


The following Cities and Towns have been, or are being, supplied with 


AUTOMATIC TELEPHONE EQUIPMENT 


designed and manufactured in our Woolwich Factory : 


GREAT BRITAIN 
Grimsby 
Stockport 
Southampton 
Swansea 
Sketty 
Morriston 
Fforestfach 
Ramsey 
Hurley 
Kirkcaldy 
Sheffield Central 
Broomhill 
Sharrow 
Beauchief 
Atterclifte 
Owlerten 
Woodhouse 
Ecclestield 
Oughtibridge 
Brighton Central 
Hove 
Preston 
Portslade 
Rottingdean 
Dudley 
Stourbridge 
Brierley Hill 
Cradley Heath 


Southwick 
Edinburgh Central 
Morningside 
Newington 
Murrayfield’ 
Leicester Central 
Wigston 

Syston 

Western Park 
Chesterfield 
Staveley 

West Hartlepool 
Hartlenool 
Hereford 

Colwyn Bay 
Llandudno 
Llandudno Junction 
Old Colwyn 
Penrhynside 
Waketield 
Lofthouse Gate 
Sandal 

Chatham 
Gillingham 
Strood 

Rainham 
Snodland 
Ardwick 


Western (London) 
Maida Vale 
Beckenham ,, 
Ilford ” 
Mitcham ” 


AUSTRALASIA 


Port Adelaide 


South Brisbane (Brisbane) 


Albion ” 
Newmarket 
Central 
Bulimba 

Nundah 

Paddington 
Yeronga 
Sherwood 

Coorparoo = 
Stratford (New Zealand) 


CANADA 


St. John's (Winnipec) 
£lmwood ” 
West Exchange ,, 
Edmonton 

Nutana 

Saskatoon 

Indian Head 


SOUTH AFRICA 
Port Elizabeth 
Pietermaritzburg 
Kloof 
Salisbury (Rhodesia) 
Uintali 


INDIA 
Mysore 
Bangalore 


BRITISH NORTH 
BORNEO 
Sandakan 


EGYPT 
Cairo 


CHINA 
Mukden 


SOUTH AMERICA 
Valparaiso (Chili) 
Vina-del-Mar ,, 
Santiago 

Sao Jose (Pernambuco) 
Boa Vista 

Recife 

Capunga 

Olinda 


SIEMENS BROTHERS & CO., LTD., 


WOOLWICH, S.E.18, ENGLAND. 
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